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Introduction
Land fragmentation is an important issue in many developing countries. Rural population growth-in combination with practices of common inheritance (equal division)-leads to ever smaller farms and ever smaller land plots. Viet Nam exhibits very high levels of land fragmentation by international standards. Statistics for the year 2004 show that Viet Nam has approximately 75 million land plots (Marsh et al. 2007 ); on average, a household owns five different plots and about 10 per cent of these plots are smaller than 100 square meters. Average farm size varies between regions, but in general, most farms in Viet Nam have a production scale of less than 1 hectare. In some provinces, such as Ha Tay in the Red River Delta, the average farm size is only 2,400 square meters.
Land fragmentation potentially has significant, negative effects on agricultural productivity and growth (e.g. Niroula and Thapa 2005) . Fragmentation prevents the use of modern, mechanized equipment, such as tractors and harvesters. It may prevent the adoption of crops, which can only be grown profitably at a certain scale. Fragmentation also often increases labour requirements, both because of the difficulties of using mechanized equipment and because substantial amounts of time is spent on transport between plots and on maintaining boundary demarcations. Production for commercial purposes (rather than own consumption) may only make sense if a certain scale of production is reached because commercialization comes with fixed costs of marketing (for example investment in drying equipment) and because traders require minimum amounts of product before entering into transactions.
We may distinguish between inter-and intra-farm land fragmentations. Inter-farm fragmentation implies that land is divided between many, small farms. Intra-farm fragmentation, on the other hand, means that land on each farm is divided into many plots. This paper studies the determinants as well as the effects of both types of land fragmentation in rural Viet Nam, using plot-, household-, and commune-level panel data from 12 provinces.
A priori, the effects of inter-farm land fragmentation are not clear. A classic thesis in development economics is the inverse farm size-productivity relation (e.g. Bardhan 1973; Carter 1984; Benjamin 1995; Ali and Deininger 2014) . If small farms are more productive than large farms, then high levels of inter-farm fragmentation should be good for productivity. Furthermore, an equal land distribution has in many cases a positive effect on the political economy of a society (e.g. Rodrik 1995; Sokoloff and Engermann 2000) . On the other hand, there may well be increasing returns to scale in agriculture, at least at some levels of farm size (e.g. Foster and Rosenzweig 2010). Since farms in Viet Nam are very small, the hypothesis of increasing returns is quite plausible. In particular, the theory of an inverse farm size-productivity relation is typically based on the view that large farms need to hire large amounts of labour, which is less productive than family labour, due to difficulties of monitoring. In Viet Nam, however, very few farms are beyond the scale where most work can be carried out by members of the family. While hiring labour during times of planting and harvest is common, the bulk of agricultural labour is supplied by the family. So, the inverse farm size-productivity relation may not apply in a country such as Viet Nam.
Focusing on the effects of intra-farm fragmentation, it is clear that production is more troublesome at more fragmented farms, due to the need to move labour and equipment between plots, and maintain plot boundaries (cf. Rahman and Rahman 2008; Deininger et al. 2012; Deininger et al. 2014) . On the other hand, a fragmented holding may to some extent insure the owner against the risks of crop failure, flooding, and so on. This insurance may in turn increase willingness to experiment with new crops and other technologies and may in that sense also have a positive effect on productivity (Blarel et al. 1992) . Hence, for both inter-and intra-farm fragmentations, there is no clear, a priori prediction regarding effects on productivity.
In terms of the determinants of land fragmentation, it is clear that in the case of Viet Nam, egalitarian government land allocation policies at the time of agricultural de-collectivization in the late 1980s and early 1990s is a major reason behind current levels of fragmentation, although population pressure and inheritance practices also play important roles (Ravallion and van de Walle 2004, 2006) . Similarly, Tan et al. (2006) conclude that government land allocation practices are a major driver of land fragmentation in China. Reductions in land fragmentation may be brought about by either markets, or by government and community interventions. We study the effects of land sales and rental markets and government land consolidation programmes on levels of inter-as well as intra-farm land fragmentation.
The paper is organized as follows: Section 2 presents the dataset used, key variable definitions, and descriptive statistics. Section 3 presents multivariate, household-level analyses of the effects of land fragmentation on outputs, inputs, and profits in crop agriculture. Section 4 shows results of plot level analyses. Section 5 investigates the determinants of both inter-and intra-farmland fragmentation. Section 6 concludes. 2 In addition, 991 households in selected upland communes were interviewed in 2008; 951 of these were reinterviewed in 2010. These households were included for the purpose of evaluating a Danida policy programme being implemented in these areas. Since this sample is not statistically representative, we do not use it. data on commune land distribution, land consolidation programmes, and a number of other variables.
Key variables
To study the effects of inter-farm land fragmentation, we conduct household as well as plot level analyses and focus on the effects of farm size on productivity, labour input, mechanization, and crop choice. A main dilemma is whether to measure farm size by the area of owned agricultural land, or the area of operated land (owned land plus land rented in minus land rented out). Since we are mainly interested in the inputs and outputs of agricultural production, we use the operated area, and note that only about 5 per cent of land is rented, so the choice between owned or operated land only affects results moderately. Residential plots are included in the operated area if and only if they are used for cultivation.
Measuring intra-farm land fragmentation is more complicated. The number, size distribution, and spatial distribution of plots are all potentially relevant. A priori, it is not clear which of these dimensions are most important. For example, if the main problem related to intra-farm land fragmentation is traveling time between plots, and between home and plots, then spatial distribution should matter a great deal. On the other hand, if the main issue related to fragmentation is the effort needed to maintain boundary demarcations (fences, dykes, etc.), then distances between plots and the household home are less important. In household level analyses, we employ three different measures of intra-farm land fragmentation. First, the number of plots operated. Second the Simpson index of fragmentation, which is defined as the share of total farm area covered by plot i and N is the total number of plots operated by the household. Higher values imply higher levels of fragmentation. This measure takes into account the size distribution but not the spatial distribution of plots. Finally, we calculate the sum of distances between the household home and each plot. While this measure ignores the size distribution it does account for the number of plots and their spatial distribution.
A key concern is the potential effect of land fragmentation on agricultural productivity. Addressing this issue requires a definition of productivity. Alternative studies have used yields, value of output per hectare, income per hectare, and profits per hectare as measures of productivity. By 'income' we here mean the value of output minus the value of purchased inputs. 'Profits', on the other hand, are defined as the value of output minus the value of purchased inputs as well as family labour. As the results presented below make clear, the conclusions reached about the effects of fragmentation on productivity depends critically on which measure of productivity is employed. From the point of view of economic theory, there is little doubt that the most satisfying measure of productivity is profits. Yield, value of output, and income are all partial, or incomplete, measures of productivity because they ignore the cost of one of more inputs in production. The reason many researchers have nevertheless declined to use profits as a measure of productivity is the severe practical problems related to measuring profits. In particular, most farms in developing countries, including Viet Nam, rely heavily on the use of family labour. Obtaining a monetary estimate of profits requires monetary valuation of family labour inputs. The standard approach is to value family labour by the local wage rate for unskilled, agricultural labourers. However, this methodology may be flawed. In most agricultural practices, labour demands vary heavily over the seasonal cycle. Labour intensity is high during planting and harvesting and low in between. This is particularly true for paddy rice farming, which is prevalent in Viet Nam. Employment of hired, agricultural labourers is much higher in the months of planting and harvesting than in other months. Therefore, the wages recorded mainly reflect conditions during the months of peak labour demand, where wages are higher than in other months. On the other hand, when surveys, such as the VARHS, ask households about the number of days they have worked in agriculture, respondents with no occupation besides agriculture are likely to include most days of the year, including many days during the slack season. Valuing this labour by the measured, local wage rates is likely to overestimate the real, shadow value of agricultural labour. These issues are dealt with here by assuming that shadow wages equal local wage rates in the busy season and are zero in the slack season. The typical Vietnamese farmer grows two crops per year. If each planting and each harvest season is 15 days, the busy season is at most 60 days per crop. Accordingly, we value family labour at the going wage rate for at most 60 days per crop and zero for additional time beyond that.
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The descriptive statistics presented in Table 2 indicate that average profits by this definition are close to zero, consistent with assumptions of optimizing behaviour and competitive labour markets in the busy season and surplus labour in the slack season.
We are also interested in measuring the effects of productivity on labour input in agriculture. This is interesting both because of the effect of labour use on agricultural profits, and in its own right. From a macroeconomic perspective, continued economic growth and industrialization in Viet Nam requires massive movement of labour from the primary to the secondary and tertiary sectors. This process is facilitated by the adoption of less labour-intensive techniques in agriculture. In terms of measuring total labour inputs, one minor concern stems from the fact that the VARHS did not measures days of hired labour use; only the value of hired labour. The days of hired labour employed is estimated as the value of hired labour divided by the local wage rate for unskilled agricultural workers (valuing hired labour by the going wage rate is much less problematic than doing the same for family labour). For most households, family labour is much more important than hired labour.
Regional heterogeneity
Conditions for agriculture differ substantially across the regions of Viet Nam. To take this heterogeneity into account, we divide the 12 provinces in the VARHS sample into four categories, namely the Northern lowlands (ex-Ha Tay, Phu Tho, and Nghe An provinces); Northern highlands (Lao Cai, Dien Bien and Lai Chau); Central highlands (Dak Lak, Dak Nong, and Lam Dong); and Southern lowlands (Quang Nam, Khanh Hoa, and Long An). The categorization is somewhat rough. For example, parts of Phu Tho and Nghe An provinces are best characterized as 'highland', although most people in these provinces live in the lowlands. Nevertheless, the distinction captures significant variation along the important dimensions of north-south and highland-lowland. Most analyses in the paper are conducted separately for each region and important differences between regions do emerge. Table 1 presents descriptive statistics on inter-and intra-farm land fragmentation in 2010, by region. The results document the very high levels of fragmentation characterizing Vietnamese land distribution, especially in northern parts of the country. In the northern plains, median farm size is less than a quarter of a hectare. Nevertheless, farm land is on average divided into 5.5 different plots. Intra-farm fragmentation is even higher in the Northern highlands, although average farm size in the highlands is higher than in the lowlands, largely reflecting much lower quality of land in the hills. Fragmentation is significantly less pronounced in the south. Farms are larger, but nevertheless divided into fewer plots. This pattern has long historical roots. Population density, and therefore land scarcity, and land fragmentation were much more pronounced in the northern than in the southern plains, even during colonial and pre-colonial times (Gourou 1936 (Gourou /1965 Popkin 1979) . However, as discussed in the introduction, the main factor behind current levels of land fragmentation is government land allocation policy in the context of de-collectivization. Egalitarian principles of land allocation meant that farm land was distributed evenly among households and that all households were supposed to receive land of high quality as well as lower quality. Because collectivization had progressed much further in the north than in the south, this process affected the north more than the south (Ravallion and van de Walle 2008a). Apart from government policies, land fragmentation is also affected by land inheritance practices and the functioning of land markets, an issue to which we return in Section 4. Even if land distribution in Viet Nam is equal by international standards, there is some inequality. The land distribution displays the right-skewed shape characteristic of almost any asset or income distribution, which explains why the mean landholding is higher than the mean in all regions. Table 2 presents statistics on inputs and outputs in agriculture, by five categories of farm size. This is the first step in our analysis of the effects of inter-farm land fragmentation. Table A1 in the Appendix presents results separately by region. Value of output, value of non-labour inputs, labour days and profits are all affected by outliers. Therefore, the top and bottom 1 per cent of these variables are trimmed, similar to the approach taken in Hsieh and Klenow (2009) . Results show strong effects of farm size. The value of output per hectare declines steadily with the amount of land operated. This may in part reflect variations in land quality, which we therefore try to control for in the regression analyses presented below. On aggregate, the value of nonlabour inputs per hectare is not strongly affected by farm size. However, this result masks significant inter-regional diversity. In the north, the value of non-labour inputs per hectare is in fact much higher on small farms than on large, whereas in the south there is a weaker tendency in the opposite direction. This may indicate that input markets function more efficiently in the south than in the north. Most strikingly, farm size has an extremely strong, negative effect on the amount of labour applied per hectare. Labour intensity is more than five times higher in the smallest than in the largest farm-size category.
Descriptive statistics
Results also show that profits (as defined above) increase monotonically with farm size. Estimated profits are negative for farms smaller than 0.5 hectares. These results are consistent with recent results for India, where farm size is also found to have a significant, positive effect on agricultural profits (Foster and Rosenzweig 2010) but goes against the conventional wisdom of an inverse farm-size productivity relation. Table 2 also presents results for two types of mechanical equipment (tractors and harvesters) and for crop choice (the share of land planted in at least one season with rice and the share planted with perennial crops). Results show a strong, positive effect of farm size on the probability of owning a tractor, confirming the expectation that land fragmentation reduces mechanization in agriculture. On the other hand, medium sized farms are more likely to own a harvester than both the smallest and the largest farms. This probably reflects the fact that harvesters are used for harvesting rice, which is rarely grown on the largest farms. Farm size is strongly correlated with crop choice (of course, in many cases there is no 'choice', because rice growing is mandated by land use plans, cf. Markussen et al. 2011) . Smaller farms are more likely to grow rice and less likely to grow perennial crops. Table 3 presents the same set of agricultural input and output variables as Table 2 , but in this case by categories of intra-farm land fragmentation. Table A2 in the Appendix presents results by region. This is the first element in our analysis of the effects of intra-farm fragmentation, here measured by the number of plots operated. With the exception of crop choice, the effects of intra-farm fragmentation are not nearly as strong as the effects of farm size presented in Table 2 . Also, the effects of intra-farm fragmentation are in several cases non-monotonous. Value of output per hectare is smallest on farms with only one plot. It is highest on farms with two plots and then declines. Similar patterns are found for non-labour inputs per hectare and profits per hectare. Profits per hectare actually increase among farms with more than four plots. In terms of labour inputs, the highest labour intensity is found on farms with only one plot, and the second highest on farms with more than nine plots. Labour intensity increases moderately and monotonically from farms with two to three plots to farms with more than nine plots. Appendix Table A2 , however, shows that this result is reversed when regions are considered separately. Therefore, these descriptive statistics do not immediately support the view that intra-farm fragmentation is associated with higher labour intensity and lower productivity. The relationship between the number of plots and ownership of tractors is non-monotonous. A higher plot number increases the probability of owning a harvester. There is not support in these results, then, for the view that intra-farm fragmentation reduces mechanization. However, we should be careful about drawing inferences about causality from these descriptive tables. Intra-farm land fragmentation is positively and strongly correlated with growing rice. Conversely, fragmented farms are much less likely than consolidated ones to grow perennial crops.
Multivariate analyses of the effects of fragmentation
To be able to control for the potential influence of 'third' variables, which may confound estimates of the effects of land fragmentation, we turn to multiple regression analyses. These analyses exploit the 2008-10 VARHS-panel. In this section, we present household-level regressions for profits, value of output, value of non-labour inputs, and labour input. For the last three variables, we use logarithmic specifications which reduce the influence of outliers and lead to better model fit. However, since the profit measure includes many negative values, a logarithmic specification is not appropriate. Random effects regressions are presented. Province dummies are included in all specifications (not shown). Standard errors are clustered at commune level. Control variables include land and household characteristics, measures of cropping patterns and a year indicator. Table 4 presents regressions for profit per hectare. Regression 1, 2, and 3 use data for all regions and each includes an alternative measure of intra-farm fragmentation (number of plots, Simpson index, and total distance). Results confirm the patterns found in Table 2 : larger farms are more profitable, implying that inter-farm land consolidation improves efficiency in Vietnamese agriculture. Interestingly, the effect of farm size is stronger and only significant in the north. This indicates that land consolidation is a more pressing issue in the north, where farms are indeed smaller (as shown in Table 1 ) and land sales markets are much thinner than in the south (see e.g. 4 One potential reason why larger farms are more profitable is that they are more likely to sell their output on the market. Commercialization may increase profitability because of competitive pressure and because market participation provides information about performance relative to other producers. A measure of whether the household sells any crops is available, but not included in the regressions in Tables 4-7 because it is likely to be highly endogenous (a good harvest increases the likelyhood of selling some of the output on the market). If the indicator is nevertheless included, the estimated effects of land fragmentation are not substantially altered. In some regions, particularly the Central highlands, the share of land with perennial crops can probably be viewed as a proxy for commercialization.
Surprisingly, regressions 1 to 3 all show a positive effect of intra-farm land fragmentation on profits. This is in sharp contrast with the prediction of a negative effect of intra-farm fragmentation on efficiency (see Marsh et al. 2007 ). One methodological explanation may be that land quality is not appropriately controlled for, and that more fragmented farms have higher land quality. However, note that the regressions include controls for irrigation, slope of land, and an indicator for the share of land exhibiting any of a list of 'problems' (gullies, sedimentation, landslides, dry or stony soil, or other problems). For a substantive (rather than methodological) explanation we may speculate, as done in the introduction, that more fragmented farms are less exposed to risks of crop disease, flooding, and so on, and that lower exposure to risk increases farmers' readiness to experiment with new, potentially more profitable techniques of production.
Results for control variables generally conform to expectations. A higher share of land with perennial crops is associated with higher profits, but region-specific analyses show that this effect is only significant in the Central highlands, the main coffee-growing area. Irrigation, other dimensions of land quality, and the household head's years of schooling are also significant determinants of profits. Profits were higher in 2008 than in 2010, probably an effect of the global price hike in cereal prices during 2007-08. Table 5 presents regressions for the value of output. Again, the results on the effects of farm size in Table 2 are confirmed. Smaller farms have significantly higher value of output per hectare than large farms. This result holds in all regions. For two of the three measure of intra-farm fragmentation, there is a positive effect of fragmentation on value of output. Table 6 presents regressions for the value of non-labour inputs. In contrast with the results in Table 2 , the results show a significant, negative effect of farm size and a significant, positive effect of intra-farm fragmentation on input intensity. Hence, intensity of non-labour inputs may contribute to explaining why larger farms are more profitable. Table 7 shows regressions for labour intensity. Results confirm the impression emerging from Table 2 of an extremely strong and significant, negative effect of farm size on labour use per hectare. This result holds in all regions. Two of the three measures of intra-farm fragmentation have a strong and highly significant, positive effect on labour intensity. In contrast with the bivariate results in Table 3 , these results confirm the expectation that more fragmented farms use more labour, all else equal.
To summarize, the most important result emerging from these analyses is the strong effect of both intra-and inter-farm land fragmentation on labour intensity in agriculture, and the negative effect of inter-farm land fragmentation on profits. In other words, the relation between farm size and productivity is positive, rather than inverse. For intra-farm fragmentation, on the other hand, a somewhat surprising, positive effect of fragmentation on profits emerges.
Plot level analysis
The VARHS data set used in this paper is distinguished by the availability of detailed data at the household and at the plot level. Here this data is exploited to investigate effects of intra-farm fragmentation in more detail. For non-labour inputs, data on whether each type of input was used or not is available for the five largest plots in each household. Data on the exact quantities and values of these inputs is not available at the plot level. Data on labour inputs is also not available at the plot level. Therefore, the outcome variables used here are measures of crop output. First, we use the value of total crop production per square meter. Second, we focus on plots sown with rice and measure the total quantity of rice produced per square meter (i.e. the yield of rice). Since these variables are quite strongly affected by outliers (probably mostly because of measurement and recording errors), the variables are 'trimmed' by dropping the 1 per cent highest and the 1 per cent lowest observations As mentioned above, a similar method was used in Hsieh and Klenow (2009) . We use three measures of intra-farm fragmentation. The first is the area of the plot. If intra-farm fragmentation harms productivity by preventing use of machinery, then small plots should be less productive than large plots, all else equal. Second, we use the distance of the plot from the family home. If fragmentation is harmful because high travel time prevents plots from being tended to in an optimal manner by farmers, then more distant plots should be less productive. Plots sharing a border with other plots operated by the household should suffer less than other plots from high travel times. Therefore, we also include a dummy for sharing a border with another plot belonging to the household.
Results are shown in Table 8 . A series of control variables is used, including the share of the plot planted with annual rather than perennial crops, plot ownership status, restrictions on crop choice, when the plot was acquired, the number of harvests per year, irrigation, recent investment in soil and water conservation, whether the plot was affected by a natural disaster in the last year, plot slope and plot problems (gullies, sedimentation, etc.). Indicators for using a number of different non-labour inputs (seeds, saplings, chemical fertilizer, etc.) are included in regressions 2 and 4. However, since these variables are only available for the five largest plots in each household, some plots are dropped from these analyses. Therefore, specifications without input indicators are also included (regression 1 and 3). Due to space constraints, some control variables are not shown. A year indicator is also included. Importantly, household fixed effects are introduced to neutralize the impact of household-level determinants of productivity, such as household labour force, farming skills, and so on.
Results show that plot size has a significant, negative effect on productivity both in models for total value of output and for rice yields. One potential explanation is that small plots are more fertile. Note, however, that the regressions control for a large number of factors related to fertility. The conclusion that sub-division of plots increases productivity is clearly not warranted. On the other hand, the results lend no support to the view that merging plots would increase production. The results are consistent with the findings in Table 5 that intra-farm plot fragmentation is associated with higher value of output per hectare at the household level.
Looking at the distance variable, a different picture emerges. More distant plots are indeed significantly less productive than other plots, in line with the view that intra-farm fragmentation reduces efficiency. The estimates for sharing a border with other plots are insignificant. These results suggest potentially important policy implications for the specific design of land consolidation programmes. It appears to be more important to reduce travel time than to merge small plots into larger units.
Results for control variables are also interesting. Estimates suggest significant positive effects of Land Use Certificates (Red Books) and significant, negative effects of crop choice restrictions (see Markussen et al. 2011) . These findings stress the importance of land property rights for agricultural productivity. They also underline, the strong, negative effect of natural disasters in crop output.
In conclusion, plot level analyses generate a more nuanced picture of the effects of intra-farm land fragmentation than the household-level regressions above. While there is no evidence that small plots are less productive than large plots (indeed, the results indicate the opposite), long distances between home and plot do in fact appear to be harmful for agricultural production.
Determinants of fragmentation
Having studied the effects of land fragmentation, we now turn to analysing the determinants of fragmentation/consolidation. An issue of key importance is whether and when land market transactions facilitate consolidation. Another important question is whether administrative land reform is an effective means to increased consolidation. Since administrative reforms explicitly aimed at moving land from small to large farms are likely to be highly controversial, administrative reform is more relevant in the context of intra-farm fragmentation. Indeed, programmes to decrease plot-level fragmentation have been implemented in many communes in Viet Nam and one aim of the analysis that follows is to assess the effects of such programmes.
Inter-farm fragmentation
To study the determinants of inter-farm land consolidation we exploit the VARHS commune level data from 2008 and 2010. The VARHS commune questionnaire collects data on the commune land distribution, land market transactions, and many other commune characteristics. The measure of land consolidation used is the share of households in the commune owning more than two hectares of land (data on operated land is not available at commune level).
Regressions for this variable are presented in Table 9 . The most important explanatory variable is the number of land sales registered in the commune per household. Now, communes with a more fragmented land distribution typically have a higher number of plots and for that reason also more land transactions. Hence, there is a reverse, negative effect of consolidation on land market transactions. To remove this effect from the analyses, commune fixed effects are included. In regressions with fixed effects, only variation over time within each commune is driving the results. The regressions answer the question: does an increase in land markets activity (or in any of the other, explanatory variables) lead to higher consolidation or to more fragmentation? Another important question, apart from the direct effect of land markets, is whether integration into the market economy more generally facilitates land consolidation. In particular, if people have better opportunities of finding gainful employment outside agriculture, we would expect that marginal farmers are more willing to sell their land and rely on the nonfarm sector. Therefore, regressions also include the following measures of off-farm opportunity: the presence of a permanent market in the commune, the daily wage for male construction workers, and the number of enterprises per 1,000 inhabitants in the commune. Finally, a measure of population density (number of households per hectare of agricultural land) is included.
Results of the fixed effects regressions show a significant, positive effect of land sales on consolidation. Communes with increasing numbers of land sales also experience an increase in the share of farms above two hectares. Interestingly, this effect is only present in the south. Hence, although the analysis presented above indicated that efficiency gains from land consolidation are highest in the north, results in Table 9 indicate that markets only facilitate consolidation in the south. This is testimony to the highly imperfect functioning of land sales markets in the north (Khai et al. 2010) . One barrier to land markets in many provinces is the 'land ceiling' of two (sometimes three) hectares, which implies that land holdings in excess of two (three) hectares is subject to taxation. Removing this obvious barrier to land consolidation might change the results in Table 8 .
The results offer only weak support for the idea that market integration facilitates land consolidation. None of the off-farm opportunity indicators are significant, although the construction wage variable is almost significant in regression 2.
Intra-farm fragmentation
To study the determinants of intra-farm fragmentation, we turn again to household-level regressions. We choose the Simpson index as the measure of intra-farm fragmentation and investigate whether administrative land consolidation programmes and land rental-and sales markets transactions reduce or increase this variable. Again, severe endogeneity problems mean that the inclusion of fixed effects is important. In particular, land consolidation programmes are disproportionately implemented in communes with a high level of land fragmentation, inducing a positive, cross-sectional correlation between consolidation programmes and fragmentation. Therefore, regressions for the Simpson index include household fixed effects. Analysing the effects of land market transactions is somewhat complicated. Clearly, a farm that buys land/rents in land is going to increase its level of fragmentation. Conversely, selling/renting out land reduces fragmentation. However, if purchased or rented plots are merged with other plots, or if they are located closer to the home of the receiving household than to the home of the supplying household, transactions may lead to a net decline in fragmentation. Therefore, indicators for selling and buying land in the last two years, and for renting land in or out, respectively, are included in the regressions. To check the total effect of land transactions on fragmentation, we test whether the sum of the coefficients for buying and selling (renting in and out) is positive, implying that land markets increase fragmentation, or negative, which would imply that market transactions lead to consolidation.
Results, presented in Table 10 , show that the presence of a land consolidation programme does have the expected, negative effect on the Simpson index. However, in the regressions for all regions, the effect is not significant. It is also insignificant in all individual regions, except for the Northern lowlands. On average, therefore, land consolidation programmes appear to have only a moderate effect. However, where intra-farm land fragmentation is arguably most acute, in the northern plains, the programmes do have an impact.
For land market transactions, selling and renting out have the expected, negative effects on fragmentation, while buying and renting in have the equally predictable, positive effects. In all regressions, the negative effect of renting out is numerically higher than the positive effect of renting in. This difference is significant in the random effects regression and almost significant in the fixed effect regression for all regions, providing weak evidence that rental markets may contribute to reducing the fragmentation of operational holdings. For sales markets transactions, on the other hand, the positive effect of buying land is always higher than the negative effect of selling. The difference is significant in the random effects regression but insignificant in the fixed effects models. Hence, there is no evidence from these analyses that land sales markets contribute to reducing intra-farm land fragmentation.
Conclusion
The paper has investigated the determinants as well as the effects of intra-and inter-farm land fragmentation in rural Viet Nam. In terms of the effects of fragmentation, the most important result is the very strong effect of especially inter-but also intra-farm land fragmentation on labour use in agriculture. While this conclusion is not surprising, the estimated size of the effect is striking. Labour input per hectare is more than five times higher on the smallest farms than on the largest. This implies that land consolidation has the potential to release massive amounts of labour from agriculture. As countries such as Viet Nam and China continue to industrialize, land consolidation can be a key element in a strategy to maintain competitiveness in industrial exports by maintaining abundant labour supply.
Another notable result is the positive effect of farm size on agricultural profits. Note that even if there is reason to doubt that recorded market wages in agriculture correctly reflect the shadow cost of family labour, the opportunity cost of labour is likely to grow in the future, as labour demand in other sectors increases. Therefore, the positive effect of farm size on profitability is likely to grow even stronger in the future. Results also confirm the view that land consolidation facilitates at least some types of mechanization in agriculture, and that land consolidation is associated with crop diversification away from paddy.
In terms of the potential for land market transactions and government interventions to reduce land fragmentation, results show that land sales markets do indeed on average function to increase the share of farms with relatively large land holdings. However, this effect is only present in the southern parts of Viet Nam, where land fragmentation is arguably less of a problem than in the north. This underlines the need to further facilitate the functioning of land sales markets, especially in northern Viet Nam. However, it is important to note that land consolidation depends not only on land markets. Inducing marginal farmers to sell their holdings requires well-functioning labour markets as well. Labour markets, in turn, function more smoothly if people can move between regions legally and without administrative hassle, if vocational training is cheap and widely available, and if housing in urban areas is available and affordable. Land sales are also facilitated by improved provision of insurance products, because land in many cases is held as a hedge against negative shocks.
For intra-farm land fragmentation, results show that in most regions, the effect of government land consolidation programmes is modest. However in the Northern lowlands, where land fragmentation is more extreme than anywhere else, such programmes have in fact been effective, implying that there is a potential for administrative land consolidation programmes to make an impact. On other hand, there is little evidence that land sales markets have any effect on intrafarm fragmentation. There is some evidence that land rental markets may contribute to reducing fragmentation.
In sum, reducing inter-farm land consolidation is an important means to reducing labour use and increasing efficiency in agriculture. While land markets have the potential to facilitate consolidation, this potential is currently only being exploited in that part of Viet Nam (the south) where it matters the least. Reducing intra-farm land fragmentation is perhaps less important than consolidating total holdings. On the other hand, if diversification of cropping patterns and reduced labour intensity are important goals in themselves, then reducing intra-farm fragmentation is a reasonable, strategic goal, and administrative land consolidation programmes may play a role in this. If consolidation programmes are implemented, our findings suggest that they should focus on reducing distances between family homes and plots, rather than merging smaller plots into larger ones. Source: authors' calculations based on VARHS. Note: **Share of net sown area planted with rice in some or all seasons; money values in '000 VND. Monetary values in '00 VND. * significant at 10%; ** significant at 5%; *** significant at 1% Monetary values in '00 VND. * significant at 10%; ** significant at 5%; *** significant at 1% Monetary values in '00 VND. * significant at 10%; ** significant at 5%; *** significant at 1% Source: authors' calculations based on VARHS. Note: Absolute value of z statistics in brackets. The first regression is a random effects model, others are fixed effects regressions. * significant at 10%; ** significant at 5%; *** significant at 1% 
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